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ABSTRACT 


Over the past few years, there has been an explosion in the mobile data usage mostly due to 
the increasing number of tablets and smart phones in use. To support such demand, wider 
transmission bandwidths are needed, and hence, the technique of Carrier Aggregation (CA) 
has been introduced in 4G cellular systems. This enables scalable bandwidth expansion 
beyond the single LTE carrier by aggregating two or more LTE component carriers of similar 
or different baseband bandwidth, which can be chosen from the same 3GPP frequency band 
(intra-band) or different 3GPP frequency bands (inter-band). Furthermore, CA is supported 
by both FDD and TDD modes, and this offers the optimum flexibility in the way the 
spectrum is utilized and how the network scheduling is configured. In order to push towards 
5G data rates (>1Gbps), leveraging more antennas and transmitting more bits per symbol to 
increase spectral efficiency requires the use of MIMO and higher-order modulation 
techniques. This presentation focuses on discussing the RF system architectural challenges 
for Advanced-LTE based user equipment (UE) radio, and the resultant increased complexity 
in the radio due to the use of CA, MIMO, and higher order modulation techniques; 
furthermore, concurrency and coexistence scenarios with other radio access technologies 
(RAT) are considered in how they further add to the complexity of the RF frontend and to its 
linearity requirements. 
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The insatiable demand for faster, 
better mobile broadband 


To enhance today’s user experiences and pave the way 
for new ones (need >1Gbps, and round trip latency «1ms) 


ae e F 


Higher resolution photos / 


Near instant access to 
videos with more ways to share 


Always-on cloud services 
entertainment 


including “infinite storage” 


d g 2e 


Increasing complexity of Higher frame-rate video 


New types of use cases, 
mobile webpages communication 


e.g. connected car, virtual reality 


https://www.qualcomm.com/documents/delivering-on-the-Ite-advanced-promise 
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The rich roadmap of LTE Technologies 


2015 2016 2017* 2018+ 






2012 2013 2014 
Rel-8/9 ReFH10/11/12 Rel-13 and beyond 
D D 
Lte ETE : LTE Advanced LTE Advanced Pro 
Mobile broadband Faster, better mobile broadband Path to 5G 
Achieving Providing Bringing 
Gigabit Class LTE enhanced HetNets new ways to connect 





Carrier Aggregation (CA) Interference management LTE Broadcast 


FDD/TDD CA Best use of all spectrum LTE Direct (D2D) 
LTE-U / LAA Dual connectivity 
256-QAM Coordinated multipoint 
Advanced MIMO SON+ 


https://www.qualcomm.com/documents/delivering-on-the-Ite-advanced-promise 
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Satisfaction Index by Data Rate 


Time line to 5G = N R Mso Mbps W30 Mbps Wi2ombps M10 mbps 








DL 256 UL 64 5cc 
QAM QAM 2x ULCA 3DL/2UL CA 
v F y 
OnE DECA eeu) opty 4a DL 
HPUE 
Latency (mS) 
DL UL 256 NB "a 







QAM 


R14 


V 
3ULCA v2v / 


mme VX atte 


R15 Ee Gem Wider BW (100MHz) 


f | E Evolution | 


<6 GHz 
eo ER enc Bw 


New JE (400MHz)! 
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SKYWORKS 2017 - White paper: “5G in perspective” 
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Technology enablers for achieving Gigabit 
class user experience 


Carrier Aggregation 
Combines multiples LTE carriers for wider bandwidth, e.g. fatter pipe 


Aggregation across diverse spectrum types 
Makes the best use of spectrum, e.g. FDD/TDD, licensed/unlicensed spectrum 


Advanced MIMO 


Leverages more antennas to increase spectral efficiency 





More bandwidth 
Better spectral efficiency Higher-order modulation (256-QAM) 
Best use of all spectrum assets Transmits more bits per symbol to increase spectral efficiency 


https://www.qualcomm.com/documents/delivering-on-the-Ite-advanced-promise 
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Carrier Aggregation (CA) for a 
fatter pipe 


Combine multiple LTE carrier data streams 


Up to 5x CA for downlink 


ED Fen] 

ED Eeee 

TED ee EAMASSMS E 
CUENPP (s AM 
TEX (omes 










CA also possible 
in the uplink 


Higher peak data rate Better experience More capacity and better Maximize use of 
and lower latency for all users network efficiency! spectrum assets 


https://www.qualcomm.com/documents/delivering-on-the-Ite-advanced-promise 
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Evolving Carrier Aggregation 


for faster data rates 
Enable mobile operators to maximize use of 
spectrum assets 
Across more carriers Across diverse spectrum types 


Cat 16 Licensed Licensed Licensed Unlicensed Shared 
paired paired unpaired spectrum licensed 
FDD FDD TDD LTE-U/LAA* LSA} 


Up to 
Up to 600 
Up to 300 | Mbps 
150 Mbps 
Mbps 





20 MHz! 40MHz 60MHz 100 MHz 


Note: UE category bandwidth shown are for 2x2 MIMO. 
implementation, 256-QAM for Cat 11 and above 
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Achieving Gigabit Class LTE with 60MHz 
of spectrum! — — 


[ ) nni Channel Capacity in bits/second 








# of Channels, the MIMO order, higher M 


: 5 means faster data rate 
A com bi nation of Bandwidth, the wider the bandwidth the 
aggregating 3 Ca rriers (3CA, higher the theoretical data rate can be 






20MHz each carrier), with ihe STEIN REESE 

4x4 MIMO on 2 carriers, Shannon-Hartley Theorem 
and 256 QAM onall 
carriers 





Layer 

Layer 3 
Layer 2 
Layer 











1st LTE Carrier 2nd LTE Carrier 3 LTE Carrier 


https://www.qualcomm.com/documents/delivering-on-the-Ite-advanced-promise 
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The convergence to a global mobile 
broadband technology - 
LTE/LTE-advanced 


2001 2008 2011 2015 





ae > 
Ite ite 





CDMA One EVDO RevA 


Convergence does not mean necessarily 
elimination of other modes! 
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Cellular RF Spectrum 
Global Phone 


North America 
B2, 4, 5, 7, 12, 13, 14, 17, 










E. Europe 

B1, 3, 7, 8, 20, 38 
China/Hong Kong 
B1, 2, 3, 7, 8, 26, 34, 
38, 39, 40, 41, 





W. Europe 
B1, 3, 5, 7, 8, 20. 28, 










Korea/Japan/Taiwan 
B1, 3, 5, 7, 8, 9, 11, 18, 19, 
| 21, 28, 40, 41, 42,46 


25, 26, 29, 30, 41, 46, 66 32,38, 46 - India/Pakistan 
j rats i B1, 3, 8, 40 
Africa i 
B1, 3,7, 8, 20 : X 


Middle East 
B1, 3, 8, 40, 41 









s ‘| Latin America 
tss B1, 2, 3, 4, 5, 7, 8, 27,28 


Smartphone frequency bands coverage: 
700MHz-6000MHz 
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Cellular RF Spectrum n 
5G NR Phone 
Sub-6 GHz Spectrum (MHz) Millimeter Wave —— (GHz) E 
Region | | 
Korea 
EU 


2496 | 2690| 41 
Japan 3600| 4200 |f 3400 | 3600| 42 
4400 | 4900 

2690] 41 | 


2300 | 2400| 40 
2555 | 2655 | 41B i 








China 3300| 3600 [| 3400|3600| 42 SKYWORKS 2017 - White paper: “5G in perspective” 
4400 | 4500 


Bold values indicate newly introduced 
4800 | 4990 


frequency ranges with worldwide footprint. 
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Unique band characteristics challenges 


Downlink 
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LTE-Advanced MIMO Enhancements 


Spectral Efficiency vs. SNR Sm 





A 
Ss 








2 
3 





a 








8 




















Capacity (bps/Hz) 


8 


Capacity gain 
is 4x higher 


" SNR (dB) T 

With MIMO, double the data rate means double the RF circuitry and 
double the RF FE blocks including number of antenna 

Introduction of UL transmit diversity and up to 4x4 SU-MIMO 

For 700 MHz bands, the Smartphone form factor makes it impossible to 
achieve enough separation between MIMO antennas 
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Carrier Aggregation Overview 


n — i me 
unu 
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Intra-Band |... 2x TM | 1 
i e 1 Case1 
Contiguous Band A Bande o! BandA BandB 
Intra-Band |... DLC 
ie i l Case2 
Non-Contiguous Band A BandB i BandA BandB 
2x DLCA ! 
Inter-Band cases a E i edd 
BandA I BandA BandB 
1 
1 
o ! Case4 
o ' BandA BandB 
CA 1A 5A ! o 
bolt tt o 
Supported bandwidth class ! e 
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Carrier Aggregation by Markets 


CHINA EU SEA + INDIA | NA (US) 
+ LATAM 


1A-3A/20A 1A-3A 2A-4A 
1A-3A 3A-20A/26A  SA-&OA/ATA ^ 2A-5A/I2A/13A 
1A/3A-26A 3A-8A 3A-7A 4A-13A/17A/5A 
DECA ENTA 8A-20A 3A-27A/8A 4ATA 
3A-41A/40A  3A-38A/7A 5A-40A/7A 25A-41A 
39C/40C/41C 3A-3A/7A-7A 4A-28A 2A-2A/4A-4A 
1C/7C 7A-28A 4C/2C 
1A-8A-26A 3A-7A-20A E 
1A-3A-41A  1A-7A-20A —— 3A*5A*40A os 
3x DLCA| 1A-3¢ 3A-38A-7A 3A-40C aon 
39A-41C —— 3A/C-/C/A 5A-40C RCAC 
4OD/4ID —-3A/7A-38C E 
39A-41A  3A-7A/20A 4A-12A/13A 
2xULCA 390/40C/41C  3C/7C 2C/4C 


CA combos by markets impose multiplexing and non-linearity challenges 
to the RF front-end and the transceiver, based on the number and 
frequency bands of aggregated carriers and based on self coexistence 
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AG HB & LB inter-band CA with Diversity/ MIMO 








* Multiple simultaneous receive chains to support CA and up to 4-layer 
MIMO increases drastically the complexity of the transceiver, the LO 
distribution network, and the number of the downlink Rx chains 
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Quad Ant. RF Front-End: 3xCA * MIMO Support 


Requires additional filters on PRx, DRx, and MIMO 
paths, and the need for 4-Antenna support 











- 





L/M/H 











2xCA (143, 39441, 3441, 
1426, 3426) 


3xCA (143441, 143426) 
4x4 MIMO on B41 








mxm r v-o 























L/M/H 
Transceiver 3 
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DLCA Concurrency challenge due to TX Harmonics 


Q CA_4A_17A: B17 Tx (3 Harmonic, 
2112 MHz - 2148 MHz) > B4 Rx 

a 3'd Harmonic level estimation at LB 
PRx FE module input 
Q 3H at PA out: -23dBm@ Pmax 
a B17 Duplx. attn. at 3H: 40dB 
a Diplexer Isolation at B4: 27dB 
> 3H level = -90dBm 
> 3H level falling into B4 PRx = 

—88.5dBm, ref. to ANT input 

Q For CA_4A_17A combo, min. B4 
sensitivity (exception) is 
—89.5dBm (LTE10) > B4 PRx is 
swamped by B17 3H 

Q Minimizing desense requires 
adding LPF at B17 PA output or 
improving diplexer isolation or 
cancellation by digital techniques 
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Band 1 B 
Band 2 
3G-only Band 3 "E MB 
bands ae i 16% Bw H 








Af / f ~(a/))?x n! 


Where: 























ii i EH f = center frequency 
Band 5 WE ü Af = antenna bandwidth 
Band 10 4 B a= radius of sphere containing the antenna 
Band 11 ug] A= wavelength 
Band 12 n = efficiency 
Band 13 
3G/4G Band 14 


Band 17 
bands Band 16 
Bana 19 
Band 20 
Band 21 
Band 24 




















The antenna is 
contained in a 
Sphere of radius a 





2700M 
Case Study Lower frequency LTE bands dictate 
the larger antenna volume required 
Smartphone volume cm? 70.4 
DIGNE = Antenna Volume limitation 
Battery volume cm? 177 (co n td) 
Plastics 14 E " 7 
5 antennas integrated into this volume!! 
PEE ms MIMO and/or CA antennas not included yet !! 
Camera, connectors, speaker 6 
Antenna System 8.5 


. 
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Drive behind antenna tunability 

e |n a typical MMMB radio platform that supports 2G/3G/LTE with 
diversity plus connectivity (WiFi/BT), four antennas are needed 

* There is a demand to reduce the volume of each antenna used in 
a MMMB radio platform due to limited space 

e Reducing antenna volume will help improve ant - ant isolation for 
better co-existence and MIMO performance 

* Multiband feasible with multiple resonances but for many bands, 
tuning is needed 





Volume 7 1.4cm? 
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Drive behind antenna tunability 


Push towards 5G phones 
Premium Value 





GPS LNA 
* Filter 


Carrier Aggregation 


3 CC Uplink 
5 CC Downlink 
2 CCInterband 

Uplink CA 


Carrier Aggregation 


2CC Uplink 
4CC Downlink 


HPUE 


TDD Bands 


HPUE 


TDD Bands 
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Shunt Aperture Tuning 


* In this type of aperture tuning, the switch is placed between the antenna 
radiator structure and ground 

* The switch, enables different antenna loadings to be selected which 
produce shifts in antenna frequency response accordingly 


Antenna S11 


* = 







/ 


Shorting pin ---Antenna loads Y H 


060 065 E on obo 095 on s 10 
nig, GH 


Antenna loads are the reactances used at the aperture port to tune the frequency response of the antenna 
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Div. HB/GPS Div. LB/MB antenna Dual-band 


WiFi1 & WiFi2 Operating frequency range of antenna 
antenna 

Main LB/MB antenna: 

* 700-960MHz 

* 1700-2200MHz 


Main HB antenna: 
* 2300-2700MHz 


Div. LB/MB antenna: 
* 700-960MHz 
* 1/00-2200MHz 


Div. HB/GPS antenna: 
* GPS 
e 2300-2700MHz 


WiFi1 & WiFi2 antenna: 
* 2400-2480MHz 


s 
L - J * 5100-5900MHz 


Main HB antenna 
Main LB/MB antenna 
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CONCLUSION 


> Higher order DLCA combos will create even more WAN 
concurrency system challenges 

> CA systems’ coexistence with WiFi complicates further the RFFE 
challenges 

> VCO/LO CW tones and TX modulated signals of multiple 
carriers can create modulated IM2/IM3 products at victim 
receivers 

> MB/HB/UHB Antenna design is key for future multi-carrier 
aggregated LTE-advanced systems w/ MIMO 

> Intra- and Inter-band ULCA combos present challenges to TX 
chain as far as meeting SEM 

» 5G mmW radios will help ease the RFFE complications imposed 
by high-order carrier aggregation based 4G LTE-pro radios 
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